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ABSTRACT

Custom proton sensitive SRAM chips are being flown on the EMDO
Clementine missions and Space Technology Research Vehicle experinents.
“1"his paper describes the calibration ‘procedure for the SraM proton
detectors and their response to the space environment.

SUMVARY

The SskaM detector has an offset voltage that adjusts the cell critical
charge to upset, allowi ng the LET (LLinear Energy Transfer) threshold to
be set below the value at which its cells will upset.. This threshold can
be set below the charge deposited by protons passing through, or stoppin%
in, the charge collection region. The detector was calibrated Wt
protons using the Caltech Tandem Van de Graaff and al pha particles using
radi oactive sources.

tTh e SRAM design was submtted to the MOS lmplementation System
(MOS1S) and fabricated at a 1.2-mm n-wel|. double-netal cmMOS/epi foundry.
A schematic diagram of the SRAM cell is shown in Figure 1. This cell
differs fromthat of a standard six-transistor SRAM cel|l as described in
references [1,2] . in operation all the nmenory cells are written into a
“sensitive” state where Mn2 is turned OFF and M2 is turned ON,
connecting V. to the sensitive drain, bn2. Vpp is then lowered to 3 V
-and V. is lowered below Vpp = 3 V allowng the SRAM to accunul ate upsets
at a given Vo val ue. Thereafter V. and vpp are returned to 5 V and the
cells read to determ ne the nunber of upsets. This cycle is repeated at
different values of V. during calibration. 1f Vo is lowered to the cell
metastable point, the cell wll spontaneously flip, as shown in Figure 2.
The nean offset voltage, vsu, at which half of the sraM cells have
spont aneously flipped, defines the zero energy channel of the SRAM
spectroneter system Figure 2 identifies the chip used for proton
measurenments and the chip used for al pha particle neasurenments. The nmean
of fset, voltage, vopu, for charged particle beans, shown in Figure 3,
define the gaussian peak at the nmean energy deposited by the charged
particles [1,2].

The SRAM is calibrated by neasuring its upset capacitance and LET
threshol d. The upset capacitance nmeasurenent utilizes particle beans that
stop in the charge collection region, bel ow t he sensitive drain. For
these particle beans all of the charge deposited bel ow the metallization
overlayers, or dead layer, 1is collected by the SrRaMm cell.. ‘The upset
capaci tance Cu/k(Mev/v), as a function of overlayer thickness, 0X3 (um) ,
is shown in Figure 4. As the overlayer thickness decreases, nore energy,

JE4 (Mev), 1S collected by the SRAM cell. The upset capacitance is given
b% Cu/k (Mev/V) =- 0E4/dVop, where ovopl = (Vop-vsp), and vspand vop are
shown in Figures 2 and 3. 7The LET neasurenent utilizes particles that
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p;ass, t hrough the charge collection region. Al 1 of the energy, o4 (MeV) ,
deposited within the effective charge col lecti on depth, dX4 (jim) , i S

lected by the SRAM cel 1. 7The energy deposited by these part i cl es i s
given by, Jr4 (MeV) = dvop X Cu/k, and the ef f ecti ve charge collect i on

depth, dX4 (um), i S the di stance below the overlayer requi red for a
charged part icle to deposi t okd4 (Mev) of energy . The L E 7, 1 n uni ts of
kev/iim, shown in Figure 5, | s given by 9r4 /X4 (keVv/jm) .

The operation of the SRAM i s shown in Figure 6. The energy spectra is
produced by 20 Mev proton straggling i n 83 m 1s of A shielding. A Monte
Carl o was used to produce the data points and the curve is a gauss fit, to
the data . 7The above calibrati on i S used to determ ne that portion of the
spectra that wll cause upsets in the SkaM Wth dvopu = O .061 V. Protons
W th energy less than E (rein) do not penetrate the overlayer Wi th enough
energy to cause an upset, arid protons with energy great, er than r? (nmax do
not have sufficient LET to cause an upset
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Figure 1. schematic diagram of the SRAM cell showing the

placement of V.
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Figure 2. spontancous flip voltages for the (w
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and the bloated n-drain, Dn2.
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Figure 3. mncasured mean offset voltages, Vo,
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Figure 4. upset capacitance measurement with particles that
stop in the charge colliction region.
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LET threshold measurement With particles that pass

through the charge collection region.
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